ABSTRACT HORST, R. K., R. W. LANGHANS, and S. H. SMITH. 1977. Effects of chrysanthemum stunt, chlorotic mottle, aspermy, and mosaic on flowering and rooting of chrysanthemums. Phytopathology 67: 9-14.
Bonnie Jean, #2 Blue Chip, #3 Indianapolis White, were as follows: Blanche chrysanthemum for ChSV, Albatross, #3 Improved Albatross, #2 Good News, Deep Ridge chrysanthemum for ChCMV, Fanfare Goldburst Mefo, Improved Mefo, #2 Yellow Fred chrysanthemum for ChMV, and Nicotiana tabacum Shoesmith, and #2 Yellow Iceberg were inoculated 4 'Samsun' for ChAV. Tissue implantation inoculations weeks after the transplanting of rooted cuttings by were used to test for ChSV, ChCMV, and ChMV on their implanting them (12) with stem tissue from either ChSVrespective index plants. Leaf samples from plants to be infected cultivars Blanche, ChCMV-infected Deep Ridge, checked for ChAV were homogenized in Na 2 SO 3 (0.5 ChAV-infected Fred Shoesmith, or ChMV-infected g/ 1,000 ml distilled water), and.mechanically inoculated Blanche. The revegetated summer crop plants were not to Carborundum-dusted tobacco leaves which were apreintroduced because source plants for these cuttings proximately 3 cm across the base of the leaf blade. Serowere inoculated prior to the winter crop. Controls logical assays also were used to check for ChAV (16 bHonestly significant difference (hsd) = 7.07 for differences in infected pompons compared to noninoculated control at P = 0.01. FW = fresh weight.
'Honestly significant difference (hsd) = 6.77 for differences in infected standards compared to noninoculated control at P =-0.01 FW = fresh weight, FD = flower diameter, SL = stem length.
was provided for tobacco used to test for ChAV during percent reduction in the mean flower shoot fresh weight, summer months to reduce the maximum light intensity to stem length, and flower diameter compared to the approximately 16,000 lux (16) . noninoculated control. Infection with ChSV resulted in a Tests to determine the effect of these infectious agents 24% reduction in fresh weight on pompons that flowered on vegetative propagation of chrysanthemum cuttings in winter and a 65% reduction in fresh weight on pompons removed from previously inoculated plants were carried that flowered in the summer (Table 2 ). The effect of these out on a wooden frame covered with black plastic (21) .
infectious agents on flowering was generally more severe Chrysanthemum cuttings were placed through holes on crops flowered in winter than those flowered in spring made in the plastic so that the base of the cutting extended (Table 2) . Infection by ChSV caused dramatic reductions below and the leaves above the plastic to receive moisture in fresh weights, flower diameters, and stem lengths in during the mist cycle. Cuttings were kept under cultivars flowered in the summer. Although increased intermittent mist for 2 wk after which the rate of root reduction in growth was found in the summer crop initiation on each of 10 inoculated cultivars was infected with ChMV and ChAV as compared to that for compared with that for noninoculated controls. The the spring and winter crop, the reduction was not as plastic cover around the edges of the wooden frame could dramatic as that found with ChSV. Flower production be lifted to observe root initiation around the base of the losses caused by ChCMV were similar in cultivars cutting. Number of cuttings exhibiting roots was flowered in summer and spring but more severe in those recorded on alternate days for 14 days. The accumulative flowered in the winter. sum was used to evaluate the effect on root initiation and Although no viral or viroid resistance was exhibited by was termed a rooting index. The experimental design was any cultivar, there were differences in response by a randomized block and three replications of each individual cultivars based on flower shoot fresh weight, treatment were used in the first experiment and five in the stem length, and flower diameter (Table 1) . For example, second.
ChSV and ChCMV caused highly significant reductions in fresh weight (P = 0.01) of Bonnie Jean but ChMV did RESULTS not ( Table I and Fig. I-A) . Variation in cultivar response to these infectious agents also was observed in standardThe effect of ChSV, ChCMV, ChMV, and ChAV on type cultivars. Reductions in stem length of #2 Good the 10 chrysanthemum cultivars can best be described by News were caused by ChSV and ChMV, but the effect of (i) comparing flower development on inoculated plants ChCMV and ChAV was not so apparent (Table I and with its noninoculated control and (ii) dividing Fig. I-B) . Infection of #2 Good News with ChMV also chrysanthemum cultivars into flower types (standards resulted in flower breakdown as shown in Fig. 1 
-B. and pompons) since the commercial method of marketing
The most severe flower production losses were caused the two is different. The pompon type has many flower by ChSV. Fresh weight reductions of pompon cultivars heads and is sold by weight, whereas the standard type has due to ChSV were 24, 30, and 65% respectively for spring, a single flower per stem and is marketed by flower winter, and summer flower crops (Table 2) . Infection by diameter and stem length with weight an indication of ChSV also reduced the stem lengths, flower diameters, quality. Statistical analysis of flower shoot fresh weight and fresh weights by 30, 14, and 40% respectively for the revealed there were highly significant reductions due to summer flower crop of standard cultivars (Table 2) . these infectious agents (Table 1 ). There also were highly Growth of pompon chrysanthemums generally was significant interactions of the infectious agents with reduced more by the infectious agents than was the season of flowering which indicated that infections were growth of standards (Table 2) . When the results of the more severe when flowering occurred in different seasons.
threeseasonal experiments were combined and grouped For clarity, data in Tables 2, 3 , and 4 are presented as according to flower type (pompon and standard), it was evident that pompons were more sensitive than standards summation of number of cuttings exhibiting roots to ChSV and ChCMV, whereas the two flower types were recorded on alternate days for 14 days. Root systems equally sensitive to ChMV and ChAV (Table 3) .
capable of supporting vegetative growth developed after Combining the results of the three seasonal experiments 14 days on infected cuttings; however, root initiation was and grouping according to infectious agent type revealed retarded by ChSV in both experiments whereas variable that all the infectious agents tested can reduce results on the effect of ChAV, ChMV, and ChCMV were chrysanthemum flower production but ChSV infections obtained between the two experiments. The rooting index caused the most serious yield reductions (Table 4) .
of the noninoculated control was high in both Cultivars Albatross, #2 Yellow Fred Shoesmith, and #2 experiments which would indicate that infections Good News were suspected of carrying a latent infectious apparently reduced the initiation of roots on cuttings. The agent ChCMV-NS (14), which protects against ChCMV.
variability from experiment to experiment may have been Attempts to recover ChCMV from these inoculated due to an interaction between effects of infection, the time cultivars were unsuccessful. Recovery inoculations to of year the experiments were performed, and the rooting Deep Ridge (used as a test plant for ChCMV) were conditions (i.e., water, temperature, and minerals). challenged with ChCMV after 10 days and no symptoms were expressed after 30 days. This would indicate that #2 DISCUSSION Yellow Fred Shoesmith, Albatross and #2 Good News contained ChCMV-NS. No other cultivars carried the The effect of ChSV on reduction in flowering on all latent strain. The effect of ChCMV-NS on tested cultivars was far more severe than any of the other chrysanthemum growth is not known.
tested infectious agents. Mean calculations of flower The results of two experiments to determine the effect diameter and stem length on all cultivars showed that of infection on vegetative propagation of chrysanthemum ChSV caused a 9% reduction in flower diameter and a are presented in Table 5 . Root index is the accumulative 15% reduction in stem length, whereas ChMV and ChAV caused 4 and 5% reduction, respectively, in flower size and 10 and 11% reduction, respectively, in stem length (Table 4) . Reductions in flower diameter and in stem length caused by ChCMV (1% and 5%, respectively) were less than those recorded for the other infectious agents. Grafting procedures were used in earlier transmission studies of ChSV (3); however, tissue implants have been used more recently (1, 12). The tissue implant procedure was very efficient in transmitting ChSV and ChCMV in the studies reported herein; 100% recovery of the Fig. 1-(A, B) . Symptoms on chrysanthemum flowers infected apercent reduction from noninoculated control of fresh with various infectious agents. L to R: noninoculated, inoculated weight, stem length, and flower diameter. with chlorotic mottle, stunt, mosaic and aspermy. A) Cultivar bStem length and flower diameter of only standard-type Bonnie Jean and B) Cultivar #2 Good News.
cultivars.
